Racial differences in potassium (K) intake and urinary K excretion may contribute to the higher BP observed in black compared with white individuals. Although black individuals typically consume less dietary K than white individuals, the lower urinary K excretion observed in black individuals may reflect more than differences in intake. In this study, data from the Dietary Approaches to Stop Hypertension (DASH) trial (413 white and black participants) were used to evaluate urinary K excretion in black and white individuals with similar K intake. At screening, mean urinary K excretion was higher in white than black individuals (mean ⌬ ϭ 645 mg/d for white minus black individuals, adjusted for age, gender, and weight; P Ͻ 0.001). After a 3-wk run-in period during which all participants received a low-K control diet, a significant racial difference remained (mean ⌬ ϭ 201 mg/d, adjusted for age, gender, and caloric intake; P Ͻ 0.001). Participants were then randomly assigned to continue the control diet or switch to a high-K diet (either a high fruit/vegetable diet or the DASH diet) for 8 wk. At the end of intervention, the mean difference in urinary K in white compared with black individuals after adjustment for age, gender, and caloric intake was Ϫ6 mg/d (P ϭ 0.95) in the control group, 163 mg/d in the fruits/vegetables group (P ϭ 0.39), and 903 mg/d in the DASH group (P Ͻ 0.001). Racial differences in urinary K excretion seem to reflect more than intake differences; further studies are needed to understand their potential impact on clinical outcomes.
Potassium (K) intake has been increasingly recognized as an important determinant of BP. Hypertension, one of the most important and modifiable risk factors for the development of chronic kidney disease, cardiovascular disease, and stroke, is more common in black than in white individuals. Multiple studies have shown that increasing K intake (by diet or by supplements) can decrease BP; 1-11 the extent of BP reduction from K seems to be greater in black than in white individuals 1, 3, 9 and in those with lower urinary K excretion. 2 Black individuals in the United States typically consume less dietary K than do white individuals. 1, [12] [13] [14] The estimated mean daily US intake from 1988 through 1994 for adults 19 to 70 yr of age on the basis of 24-h dietary recalls from the Third National Health and Nutrition Examination Survey (NHANES III) was 3.5 g for white men, 2.8 g for black men, 2.5 g for white women, and 2.1 g for black women. 1 In many populations throughout the world, black individuals excrete less urinary K than do white individuals. 1,3,14 -24 Because urinary K excretion largely reflects K intake, the lower urinary K excretion in black individuals has often been attributed to racial dietary differences; however, racial differences in urinary K excretion may not simply reflect intake differences. Small studies (14 to 59 participants) have documented that urinary K excretion was lower in black than in white individuals at baseline and after fixed-dosage K supplementation. 3,16 -19 These studies were small and were mostly of short duration (ranging from 4 d to 10 wk). Furthermore, all except one study 17 did not control baseline diet. In the absence of controlled feeding, black-white differences in K excretion are difficult to interpret.
We used data from the Dietary Approaches to Stop Hypertension (DASH) randomized, controlled feeding trial 2 to determine whether urinary K excretion in black individuals is lower than in white individuals at baseline and after controlled feeding on three diets (a "typical" American diet that has low K content and two diets rich in fruits and vegetables and, therefore, high in K).
RESULTS

Baseline Characteristics
Baseline characteristics are shown in Table 1 . By design, there were more black participants (64%) than white participants (36%). With few exceptions, baseline characteristics were similar in black and white participants across randomized dietary treatment groups (control, fruits/vegetables [F/V], and DASH). Of the black participants, 58% were women, whereas 30% of the white participants were women. Systolic and diastolic BP were similar in black and white participants in all treatment groups, likely as a result of the common eligibility criteria. Body weight was similar between white and black women in all diet groups. White men assigned to the F/V group had a lower baseline mean weight (81 kg) than black men in the F/V group (92 kg; P ϭ 0.002). Screening serum K values were available only on a subgroup of participants (n ϭ 36) from the Baltimore center and were similar in white (4.3 Ϯ 0.4 mEq/L) and black participants (4.3 Ϯ 0.3 mEq/L; P ϭ 0.87).
Adherence
Objective data (urinary sodium [Na] excretion) and self-reports of dietary intake strongly suggested that black and white participants were similarly compliant with the diets. Twentyfour-hour urine Na and urine creatinine values also suggested similar compliance with urine collection. At the end of run-in, urinary Na excretion was 3230 Ϯ 1055 mg/d in white participants and 3099 Ϯ 1110 mg/d in black participants (after adjustment for age, gender, and caloric intake, the mean difference in white minus black participants was Ϫ23 mg/d; P ϭ 0.8). Adjusted 24-h urinary Na excretion was also similar between black and white participants on each diet at the end of intervention (P Ͼ 0.24 for each dietary group). Furthermore, as seen in Table 2 , the estimated percentage of dietary Na excreted in the urine was similar between black and white participants in each group. Using data derived from daily self-reports and from observations by staff of foods eaten on-site, compliance scores were calculated. 25 There was no significant difference in mean compliance scores between black and white participants in any of the groups. Only two participants had urinary creatinine values with a coefficient of variation Ͼ80% across the three time points. Two participants had urinary Na values with a coefficient of variation Ͼ80% across the two time points of end of run-in and end of intervention (when participants were given a fixed Na intake).
Effects of Diet on Urinary K Excretion
Screening
As seen in Figure 1 , urinary K excretion at screening (baseline) was higher in white (2516 Ϯ 929 mg/d) than in black participants (1791 Ϯ 705 mg/d). After adjustment for age, gender, and weight, the mean difference in urinary K excretion between white and black participants was 645 mg/d (95% confidence interval [CI] 472 to 818; P Ͻ 0.001). Figure 1 also shows that at the end of run-in (when all participants were given the same diet for 3 wk), urinary K excretion was still significantly higher in white (1544 Ϯ 503 mg/d) than in black participants (1312 Ϯ 444 mg/d). After adjustment for age, gender, and caloric intake, the difference in urinary K excretion between white and black participants was 201 mg/d (95% CI 96 to 306; P Ͻ 0.001). The mean estimated K intake was 2118 Ϯ 322 mg/d in white participants and 2010 Ϯ 320 mg/d in black participants (after adjustment for age and gender, the mean difference in white minus black participants was Ϫ14 mg/d; adjusted P ϭ 0.6). As seen in Table 2 , the mean percentage of dietary K excreted in the urine at the end of run-in was 74 Ϯ 25% by white participants and 67 Ϯ 24% by black participants (P ϭ 0.007).
End of Run-in
End of Intervention A significant interaction was found (P Ͻ 0.001) between race and diet, suggesting that diet modifies the relationship between race and urinary K excretion. As displayed in Figure 1 , at the end of intervention, the estimated K intake in the group fed the DASH diet was 5162 Ϯ 592 mg/d for white participants and 4918 Ϯ 630 mg/d for black participants (after adjustment for age and gender, the mean difference in white minus black participants was 44 mg/d; adjusted P ϭ 0.6). There was a statistically significant difference in urinary K excretion between white (3584 Ϯ 962 mg/d) and black (2465 Ϯ 992 mg/d) participants who were randomly assigned to the DASH diet (adjusted [for age, gender, and caloric intake] difference 903 mg/d; 95% CI 543 to 1264; P Ͻ 0.001). This difference was mostly due to the large increase in urinary K excretion in white participants on the DASH diet, which greatly exceeded that of white participants who were fed the F/V diet. Furthermore, as seen in Table 2 , white participants on the DASH diet excreted an estimated 69 Ϯ 17% of dietary K in the urine, whereas black participants on the DASH diet excreted approximately 50 Ϯ 18% (P Ͻ 0.001).
There was a trend toward a difference in urinary K excretion between white and black participants in the F/V group (2905 Ϯ 1065 mg/d in white participants and 2602 Ϯ 922 mg/d in black participants); the adjusted mean difference in urinary K excretion was 163 mg/d (95% CI Ϫ208 to 534; P ϭ 0.39). The estimated percentage of dietary K excreted in the urine was statistically significantly higher in white (60 Ϯ 21%) than in black participants (53 Ϯ 19%; P ϭ 0.045).
For participants who continued on the control (low K) diet for 8 wk, the urinary K excretion was 1580 Ϯ 544 mg/d in white participants and 1497 Ϯ 500 mg/d in black participants. After adjustment for age, gender, and caloric intake, the difference between white and black participants was Ϫ6 mg/d (95% CI Ϫ197 to 185; P ϭ 0.95). As shown in Table 2 , white and black participants excreted (via the urine) a similar fraction of the estimated K intake (73 Ϯ 27 and 74 Ϯ 24%, respectively; P ϭ 0.8). A significant black-white difference in urinary K excretion was seen at the end of run-in when all participants (n ϭ 350) ate the control diet, yet no significant difference was seen . DASH study design. There was a screening period, followed by a 3-wk run-in period. Participants were then randomly assigned to one of three diets for 8 wk. Na content (approximately 3 g/d at the 2100-kcal/d level) and body weight were kept constant. *K content is reported as mean estimated K intake (g) as based on estimated caloric intake. W, white participants; B, black participants.
at the end of intervention feeding among those who were randomly assigned to the control diet (n ϭ 120).
Sensitivity Analyses
These results are robust in sensitivity analyses, conducted by excluding outliers (of urinary K excretion, urinary Na excretion, urinary creatinine, and urine volume) as well as urine K values from participants with highly variable within-person urinary creatinine or urinary Na excretion. Although there was no evidence of differential noncompliance of diet (based on compliance scores and urinary Na) or of urine collections (based on urinary Na and urinary creatinine values) by race, we adjusted for compliance score and found similar results.
DISCUSSION
In this randomized, controlled feeding study conducted in prehypertensive and hypertensive adults, urinary K excretion was lower in black than in white participants when both groups were fed the same diets. Furthermore, there was a significant diet-race interaction, indicating that diet modified the racial difference in urinary K excretion. Urinary K excretion was significantly lower in black than in white participants at screening, when all participants ate their own diets. At the end of run-in (all participants were fed the low-K control diet for 3 wk), black participants continued to excrete less urinary K than did white participants, even after adjustment for age, gender, and caloric intake. At the end of intervention, after participants were fed one of three diets for 8 wk, urinary K excretion was significantly lower in black compared with white participants for those given the DASH diet. There was also a trend in participants who were fed the F/V diet. There was a statistically significantly higher percentage of dietary K excreted in the urine by white compared with black participants who were fed the F/V and DASH diets.
At the end of run-in, there was a significant racial difference in urinary K excretion; however, this difference was no longer statistically significant at the end of intervention in the participants who were randomly assigned to the control diet. One possibility is that this is due to the reduced sample size (one third of participants were randomly assigned to each dietary group); the minimal detectable difference at 90% power was 310 mg/d. Results were robust in sensitivity analyses that excluded outliers and influential data points.
The estimated percentage of dietary K that participants excreted into their urine ranged between 50 and 74% in black participants and 60 and 74% in white participants. The estimated percentage of dietary Na excreted in urine was not significantly different between black and white participants in each group, suggesting that the difference in K excretion was likely not from differential compliance with dietary intake or urine collections. Our data are consistent with data in the literature regarding variability in urinary Na and K excretion. Urinary Na excretion is believed to more closely reflect intake, with only small amounts excreted in the stool and sweat. Holbrook et al. 26 demonstrated that the percentage of dietary K excreted in the urine was lower than the percentage of dietary Na excreted and that individual variation in the percentage of dietary K excreted in the urine was high. The reported range of the percentage of dietary K excreted in the urine, estimated from both self-report and feeding studies, is approximately 63 to 92% of intake. 18, 26, 27 Differences in the fraction of dietary K excreted in the urine between black and white individuals have also been reported. In a study of adolescents and young adults, the estimated percentage of dietary K excreted in the urine was 76% in white individuals and 63% in black individuals on a free-living diet and 81% and 64%, respectively, in white and black participants who received K supplementation. 18 The large variability in urinary K excretion and in estimated percentage of dietary K excreted in the urine has not been completely explained; it may be due to day-to-day individual variation or to biologic or methodologic differences.
If urinary K excretion is truly different between black and white individuals for a given K intake, then K excretion via other routes (stool, sweat, and insensible losses) might be higher in black than in white individuals. Racial differences in sweat K have not been well studied; a study of hand sweat of white and black individuals who walked in a desert did not reveal a racial difference in sweat K concentration, but the volume of hand sweat (which has a higher concentration of K than body sweat) was higher, not lower, in white than in black individuals. 28 Black-white differences in stool excretion could possibly account for racial differences in urinary K excretion, but this has also not been well studied. In two small studies (one in South Africa and one in the United States), urinary and stool K excretion were both higher in white than in black individuals on uncontrolled diets, but the ratio of fecal to urinary K was higher in black than in white individuals. 18, 22 The exact mechanism of this is not understood. In our study, fecal and sweat K were not collected.
Alternatively or concomitantly, if black individuals were chronically more deplete in K than white individuals, then total body K would be expected to be higher in white than in black individuals, and urinary K might then be lower in black than in white individuals. Although this has not been well studied, a study of participants on free-living diets showed that total body K was higher in black than white participants until the ninth decade of life. 29 Furthermore, although the intracellular fluid can absorb a K load, it is unlikely that the intracellular space would be able to buffer the entire difference in urinary K excretion between black and white individuals. Suh et al. 30 suggested that there may be a slower rate of K "disposal" in black than in white individuals as a result of slower skeletal muscle uptake of K, not as a result of differences in baseline diet. Furthermore, there could be genetic differences in renal K handling that could explain racial differences in urinary K excretion. A potential model of increased Na-K-2 chloride (Cl) co-transport activity in the thick ascending limb of Henle to explain both increased salt sensitivity and decreased urinary K CLINICAL EPIDEMIOLOGY www.jasn.org excretion in black compared with white individuals was proposed by Aviv et al. 3 It was postulated that higher activity of Na-K-2Cl co-transport in black individuals leads to decreased plasma renin activity (either with or without extracellular fluid volume expansion), decreased urinary K excretion, increased Na conservation capacity, and increased glomerular capillary hydraulic pressure, leading to glomerular hyperfiltration and damage to the glomeruli, which could contribute to hypertension.
In our study, diet modified the effect of race on urinary K excretion. There are several possible explanations for this. Dietary factors, such as fiber, can affect K balance by increasing fecal K excretion 31 and lowering urinary K excretion. This may explain the relatively low overall urinary K excretion in the DASH and F/V diets. The DASH diet also contains more calcium and protein, slightly more K, and less fat than the F/V diet. It is possible that the effects of fiber or other macronutrients are different in black and in white individuals, resulting in differential urinary K excretion; however, the DASH trial examined the effects of whole dietary patterns as opposed to variations in individual nutrients and dietary components. Hence, it is difficult to attribute differences in K handling to any single nutrient.
Strengths of this study include that it was a relatively large, controlled feeding trial of 11-wk duration. Because intake was closely controlled, we were able to estimate K and Na intake. Previous studies on urinary K supplementation in black versus white individuals were smaller and shorter in duration and did not, for the most part, control total dietary intake. In this study, great care was taken to promote adherence. Compliance scores were high and were similar in both groups, as were objective measures of compliance (e.g., urinary Na). There was no evidence of differential noncompliance. Furthermore, there was a significant improvement in BP in black participants on the DASH diet compared with the control diet, suggesting that these participants were compliant with the diet. Although serum K was not available for most participants, there are no data in the literature to suggest that there is a difference in baseline serum K between black and white individuals 30 ; in addition, serum K does not accurately reflect total body K.
Limitations of the study include the small sample size in the randomly assigned groups, the lack of stool K and sweat K, and a single rather than multiple urine collections at each time point. Although adherence seemed high and similar in both black and white participants, this was an outpatient feeding study; hence, complete dietary compliance cannot be confirmed. Furthermore, this study included just individuals with prehypertension and stage 1 hypertension; whether the results are generalizable to those with normal BP or with more severe hypertension is unknown.
In conclusion, this study documented that the relatively low urine K excretion observed in black compared with white individuals reflects more than just black-white differences in diet. Furthermore, racial differences in urinary K excretion vary by diet. Specifically, in participants on the DASH diet, these differences were quite marked. Additional studies are needed to understand the mechanisms and potential implications of these differences.
CONCISE METHODS
Study Design
The study design of the DASH trial, a multicenter, randomized, controlled feeding study, has been described in detail elsewhere 2, 32 and is shown in Figure 2 . The goal of the DASH trial was to compare the effects of three diets on BP. The study was approved by institutional review boards at each clinical site. All participants signed informed consent.
Participants were 459 adults who were Ն22 yr of age, had a screening systolic BP Ͻ160 mmHg and a diastolic BP of 80 to 95 mmHg, and were not on any antihypertensive medications. Screening BP was defined as the average of six random-zero measurements taken during three visits before run-in. The study was designed to include twothirds minority participants because of the higher prevalence of hypertension in minority populations, particularly black individuals in the United States. Major exclusion criteria were poorly controlled diabetes, hyperlipidemia, a cardiovascular event within the previous 6 mo, renal insufficiency (estimated GFR Ͻ60 ml/min per 1.73m 2 or serum creatinine Ͼ1.5 mg/dl for men and Ͼ1.3 mg/dl for women), chronic disease(s) that might interfere with trial participation, pregnancy or lactation, body mass index Ͼ35 kg/m 2 , medications that affect BP (participants were free of antihypertensive medications for at least 2 wk before the first screening visit), alcoholic beverage intake of Ͼ14 drinks per week, and an unwillingness to stop taking all vitamin and mineral supplements and magnesiumor calcium-containing antacids.
There were three phases to the trial: Screening, run-in, and intervention. During screening, individuals continued their regular diets. Participants were given specific diets during the run-in and intervention periods. Twenty-four-hour urine samples were collected during screening, end of run-in, and at the end of intervention.
All participants were fed a control diet low in fruits, vegetables, and dairy and high in fat during a 3-wk run-in period. At the end of the run-in period, interested and eligible participants were randomly assigned to one of three diets for 8 more wk (intervention period). Randomization was performed by the coordinating center using computer-generated random allocation assignments, stratified by clinical site and cohort. Participants were randomly assigned to either (1) the control diet; (2) the F/V diet, rich in fruits and vegetables; or 3) the DASH diet, rich in fruits, vegetables, and low-fat dairy, modestly increased in protein, and low in fat. Details of the characteristics of the three diets are given by Karanja et al. 33 At the 2100-kcal level of the diet, the control diet provided 1.7 g/d K, the F/V diet provided 4.1 g/d K, and the DASH diet provided 4.4 g/d K.
Because Na intake and weight changes are known to affect BP, Na intake and body weight were maintained at constant levels. Meals at four calorie levels (1600, 2100, 2600, 3100 kcal) were used for each diet and were identical at all of the centers. Within each diet, K and Na intake increased with increasing calorie levels. Na intake was 3 g/d at the 2100-kcal level for all three diets. Participants' weights were measured each weekday. To keep weight stable, energy adjustments were made when weight changed by Ͼ2% of baseline weight. Assigned caloric groups were changed when needed, and 100-kcal cookies or muffins ("unit" foods with nutrient contents that corresponded to those of the assigned diets) were added as indicated.
Each weekday, the participants were given lunch or dinner to be eaten at the research site. They were given coolers containing the food for the next 24 h to be eaten off-site. Weekend meals were given to the participants on Fridays and were also eaten off-site. Participants were instructed not to drink more than three servings of designated nonalcoholic beverages per day (containing Յ400 mg/d caffeine) or more than two servings of specific alcohol-containing beverages per day. Two packets of salt (each containing 0.2 g of Na) were given to participants daily for discretionary use. Participants were required to eat all of the study foods given to them and not to eat any other foods. During each day of controlled feeding, participants recorded in a daily diary whether they ate any nonstudy foods or whether they did not eat the required study foods. Adherence was actively promoted throughout the trial and was assessed by daily self-report, by direct observation by clinical staff during on-site meals, and by evaluation of 24-h urinary excretion of Na. Twenty-four-hour urine collections were again obtained at the end of intervention.
Statistical Analysis
Only participants who self-reported to be white or black were included in our analyses. Of the 413 white and black participants who were randomly assigned to one of the three diets, 24-h urinary K values were available for 370 of the participants (90% of white and black participants who were later randomized) at screening, 365 (88%) at run-in, and 380 (92%) at intervention. For the run-in and intervention groups, participants were included in the analyses only when, for that particular time period, they had values for urinary K and for adjustment variables (age, gender, and caloric intake); therefore, 350 participants were included in the run-in analyses, and 367 participants were included in the intervention period. None of the participants at screening were missing values for adjustment variables (age, gender, and body weight).
Statistical analyses were performed using Stata 9.0 (StataCorp, College Station, TX). Independent t-tests were used to evaluate baseline differences between black and white participants. Differences between urinary K excretion in black compared with white participants were tested at three points in the study: During screening, at the end of run-in, and separately by treatment group at the end of intervention. For testing for differences in K excretion in black compared with white participants, multivariate linear regression analyses were performed, adjusting for age, gender, and caloric intake. Because caloric intake was unavailable at screening, we adjusted for body weight as a proxy for caloric intake. Age and gender were adjusted for because of baseline differences in these variables between black and white participants and because these factors may affect urinary K excretion. Caloric intake was adjusted for during the run-in and intervention periods because caloric intake determined the intake of K. Because participants were fed one of three different diets during the intervention period, we tested for a diet-race interaction.
For the screening period, the sample size of 370 (with a ratio of white to black participants of 0.65) provided 90% power to detect a mean black-white difference in urinary K excretion of 302 mg/d. For the run-in period, the sample size of 365 provided 90% power to detect a mean difference in urinary K excretion of 166 mg/d between black and white participants. For the intervention period, the sample sizes provided 90% power to detect a mean black-white difference in urinary K excretion of 310 mg/d (control diet), 583 mg/d (F/V diet), and 667 mg/d (DASH diet).
The consistency of 24-h urinary creatinine excretion within each participant across visits was used as one measure of compliance with urine collection. Because Na intake was kept constant, urinary Na excretion was used as a measure of dietary (and urine collection) compliance. Sensitivity analyses were performed to assess the robustness of the results after the exclusion of outliers and of urine Na and urine creatinine values with a Ͼ80% coefficient of variation between visits (between the end of run-in and intervention for urine Na and among all three visits for urinary creatinine) and after adjustment for compliance scores. A coefficient of variation Ͼ80% was used on the basis of methods used in the INTER-MAP study (Queenie Chan, MSc, Imperial College London, London, United Kingdom, personal communication, July 13, 2006 ). This sensitivity analysis was also repeated using a coefficient of variation threshold of Ͼ50% instead of Ͼ80%.
The fraction of dietary K that was excreted in the urine during run-in and intervention was calculated. Meals at four calorie levels, with a set K content for each calorie level, were used for each diet. As discussed, "unit" foods that matched the nutrient profile of the assigned experimental diets were given to the participants when the estimated caloric need did not match one of the four core energy levels. We estimated total caloric intake for the meals (including the "unit" foods) and generated a standard curve from which the level of K intake was estimated for each level of caloric intake. For determination of the percentage of dietary K that was excreted in the urine, the observed urinary K excretion was divided by the estimated K intake. This method was also used to predict the percentage of dietary Na excreted into the urine. P Ͻ 0.05 was considered statistically significant for all analyses. Special thanks to the staff and participants of the DASH trial.
